a hurdle for fundamental understanding and rational control of properties of QDs in devices. In the past years, photoluminescence blinking behavior and decay dynamics of single trion, in particular for negative trion, have been studied via controlled electrochemical charging for QDs 28, 38, 39 or through creating a hole trap for single nanorod with an inorganic nanocrystal. 40 However, for a QD with multiple emitting states under ambient conditions similar to the working environment in real devices, simultaneously identifying the charge sign (if any), absorption cross section, and emission characteristics of the multiple emitting states remains challenging.
There have been several reports in determining the nature of charging for a QD in blinking. For instance, one type of approach is to study the spin dynamics under magnetic field at cryogenic temperatures and vacuum. [41] [42] [43] Apart from sophisticated equipment, the measurement conditions of this approach are completely different from those for QDs in practical devices, which may influence the charging behavior. Another approach using electrostatic force microscopy [20] [21] requires single QD on a surface for isolation and the implementation of nano-control techniques.
Moreover it is unknown whether the charge is around the QD surface or inside the QD, each of which has different consequence on QD's absorption and emission though possesses the same electric response.
To quantify properties of single QD and to understand dynamics of quantum-confined electrons and holes, it is critical to gain precise knowledge of the absorption cross section (ACS) [44] [45] [46] [47] and quantum efficiency (QE) of each emitting state, including both charged and neutral emitting states.
For QE measurement, a technique based on the Purcell effect 48 has been applied for single molecule 49 and QD at its neutral monoexciton state. 50 Unlike molecules, QDs are more complicated due to charging, blinking, multiexciton and not well-defined transition dipole 
where , is the intrinsic nonradiative decay rate while and are the QEs of monoexciton and biexciton, respectively. From Eq. (2) and (3), one notes that the sign of charge has a direct influence on / , which can be used together with PL decay curves to identify the sign.
/ is directly linked to the second-order photon correlation function g (2) (τ) at low excitation through the area ratio of the central peak to the side peak in pulsed excitation. 55 negative if the g (2) (τ) area ratio is less than 0.22 and positive if more than 0.33. It should be pointed out that we applied a statistical model for treating the Auger recombination rates of neutral biexciton, charged biexciton, and multiexcitons, which is an approximation. Ideally, one should apply more sophisticated models that consider various elementary points, such as state symmetry, spin structure, Coulomb interactions, the shape and nature of confinement potential. 4, 30, [56] [57] [58] [59] Although the simplification induced error in the Auger rate may grow as the order of multiexciton increase, the contribution of the high-order multiexciton emission to total photon count rate is minor due to the small quantum efficiency a well as the excitation levels employed in this work.
Here we focus on the monoexciton and biexciton states of neutral and charged states, whose Auger rates can be quite well described by the simple model as discussed later in the measurements on (2) (τ) and PL time trace recording. APD3 (fast response) is for PL decay measurement. illustrated in Figure 1a . The absorption and emission spectra of the ensemble are shown in Figure   1b , where the inset displays the TEM image of the QDs. The QE of the QDs in solution from ensemble measurements by using an integrating sphere system was close to 98%. The microscope (NA=1.4) together with various detectors and time-correlated single-photon counting (TCSPC) unit provided access to a wide range of optical measurements, including PL time trajectory, PL decay dynamics, g (2) (τ), back focal plane imaging (BFP), and saturation measurements. In all measurements, we used a pulsed laser (~30 ps, 532 nm wavelength) with a repetition rate of 2.1
MHz and an almost diffraction-limited spot to address single QDs (c.f., Section 6 of Supporting Information). (2) respectively. For the neutral state, this ratio increased by about 32% from <N>~0.05 to 1.0. Due to non-blinking at low excitation, we cannot obtain g (2) (τ) for the charged states. It is known that the area ratio increases with the excitation almost linearly for <N> smaller than 1.0 and the slope decreases as the ratio of the QEs of biexciton to monoexciton increases. 55 In addition, as discussed later, the ACSs of the charged states are smaller by 8%-15%. We estimate the area ratios at low orientations. 62 The quantum efficiency of terrylene in para-terphenyl was measured to be near unity 49 and its emitting state (i.e., ON-state) is considered as purely radiative. 61 By counting the photons at the ON-state, we obtained fluorescence saturation curves for single molecules at pulsed excitation with a fixed repetition rate. By fitting the saturation curves for five individual molecules 
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Figure 3 (a) Angular distributions of the emission from a single QD with dots as measured data, solid line as a fit, dashed and dotted lines for simulations of HED and VED. Inset shows the BFP image. Saturation curves for neutral (b), negatively-charged (c) and positively-charged (d) states, respectively. (e), (h) and (k) PL time traces for the points labled as ii, jj ,and kk, respectively. (f)(g), (i)(j) and (l)(m) are the corresponding histograms.
To be specific, we have chosen the time bin to give an average count of ~ 50 per bin for M + state at each excitation level. This means a time bin in the range of 1.0 ms to 3.0 ms for the whole series of measurements. As explained in detail in Section 5 of Supporting Information, such time bins followed the above two guidelines and allowed us to decipher and quantify different emitting states. (τ) curve measured at low excitation, the area ratio in g (2) ( τ) 64, 65 Other factors such as band shift caused by Stark effect should be less crucial to influence the ACS of the QDs. In the present study, since the excitation light at 532 nm close to the transition from the valence band to the 1Pe state rather than to the 1Se state, the absorption bleaching at this wavelength should be much less than that at the band edge (50%). However, the exact degrees of bleaching for M + and M -states are hard to estimate.
We did measurements on a set of nine single QD and found that all of them showed three distinct 
